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by measuring femoral artery blood flow responses
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Wen-Jin Cherng, MD,a and Shing-Jong Lin, MD,b Keelung and Taipei, Taiwan
Objective: Substantial progress has been made in cell therapy strategies and in gene- and cytokine-introduced angiogenesis
using a variety of mouse models, such as hind limb ischemia models. Endothelial function is an important target in
evaluating the effects and outcomes of these potential therapies. Although animal models have been established for
estimating endothelium-dependent function by measuring the blood flow responses in carotid and renal arteries and the
abdominal aorta, a model specific for an indicated hind limb by measuring femoral artery blood flow (FABF) has not yet
been established.
Methods: A 2-day protocol was designed, including exploration of the segmental femoral artery on the first day, and
evaluation of endothelium-dependent vasodilatation function the next day. By placing a transonic flow probe around the
left femoral artery, the FABF in response to endothelium-dependent and endothelium-independent vasodilatory
stimulations was reproducibly measured. Hemodynamic measurements, including the left FABF and mean arterial
pressure, were recorded.
Results: In normal controls, the baseline left FABF averaged 0.12  0.01 mL/min. Acetylcholine increased the FABF up
to 0.41  0.02 mL/min. Rose bengal-associated photochemical injury was titrated to cause endothelial dysfunction but
without disturbing the integrity of the endothelial layer. The response to acetylcholine significantly decreased 10 minutes
after photochemical injury and was further impaired after 1 and 24 hours. However, the response to nitroprusside was
preserved. A femoral and iliac artery wire-injury model was also introduced to cause endothelial and smooth muscle cell
injury. One day after the wire injury, the responses to acetylcholine and nitroprusside injections were both remarkably
attenuated.
Conclusions: This model can be widely used to analyze the in vivo endothelium-dependent vasodilatation function before
and after a variety of therapeutic interventions on a mouse hind limb. (J Vasc Surg 2011;53:1350-8.)
Clinical Relevance:Amouse model was established to sensitively assess the in vivo endothelium-dependent vasodilatation
function by measuring the femoral artery blood flow responses in a mouse hind limb. This model is able to provide
information on the extent of endothelium-dependent and endothelium-independent vasodilatation dysfunctions induced
by rose bengal-associated photochemical injury and by wire-induced mechanical injury. This method provides a sensitive
and reproducible method to estimate endothelial function before and after potential therapeutic interventions on amouse
hind limb.
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cTo tackle a variety of end-stage cardiovascular diseases,
various cell therapies and angiogenesis strategies have been
extensively investigated in recent years. Endothelial func-
tion is one of the important targets when evaluating the
effects and outcomes of these experimental and clinical
studies.1-3 Endothelial dysfunction is associated with the
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1350evelopment of various cardiovascular diseases and is im-
ortant in atherosclerotic lesion formation and progres-
ion.4-6 Thus, much effort has been devoted to understand-
ng the molecular pathways regulating endothelial function
fter innovative therapies and developing strategies to im-
rove endothelial function.1-3
By taking advantage of gene-manipulation techniques
n mice to produce various genetic modifications and avoid
he rejection of xenologous cells, substantial progress has
een made in cell therapy strategies and gene-introduced and
ytokine-introduced angiogenesis.7-12 Those advances pro-
uced various targets that can be used to evaluate the effects of
pecific therapies on endothelial function, for example, of hind
imbs after experimental creation of critical ischemia. Although
odels have been established for estimating endothelium-
ependent vasodilatation functions by measuring blood flow in
he carotid and renal arteries13-16 and abdominal aorta17,18 in
esponse to stimulation with endothelium-dependent vasodila-
ors, a model for a hind limb by measuring femoral artery
lood responses has not yet been established. Reasons for
reating this model also include the different vascular phys-
ologic responses to vasoactive substances and the different
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Volume 53, Number 5 Wang et al 1351effects of tissue engineering in the brain, kidneys, and
skeletal muscle.19,20
Technical problems of setting up a model for the fem-
oral artery involve difficulties in dissecting the femoral
artery without vasospasm disturbances, appropriate flow
detectors for the mouse femoral artery, and a high occlu-
sion rate when the femoral artery is manipulated. We report
a new mouse model for assessing endothelium-dependent
function in the left hind limb by measuring femoral artery
blood flow (FABF) responses. This method sensitively de-
tected rose bengal-associated photochemical injury at a
very early stage and also identified vascular dysfunction
induced by wire injury. This model can be widely used to
analyze endothelium-dependent vasodilatation function
before and after a variety of therapeutic interventions on a
mouse hind limb.
MATERIALS AND METHODS
Animals. Male C57BL/6 mice (Jackson Laboratory,
Bar Harbor, Me) were bred and maintained in the Labora-
tory of Animal Experiments at Chang Gung Memorial
Hospital. The study protocol was reviewed and approved
by the Institutional Animal Care and Use Committee,
Chang Gung Memorial Hospital Faculty of Medicine, and
the experiments were conducted according to guidelines of
the American Physiological Society.
Surgical preparations for vascular function assess-
ment. On day 1, male C57BL/6J mice (weight, 25-31
Fig 1. A, A segment of the left femoral artery was chos
B,The femoral artery explored to a length of about 7 mm
detector to measure the blood flow velocity.D, Injection
and endothelium-independent vasodilatation was assesse
(SNP), respectively, from a catheter inserted in the rightgrams; age, 12 weeks) were anesthetized with isoflurane a4%-5% v/v induction with 1.5%-2.0% v/v maintenance;
orthane, Abbott Laboratories, Queenborough, Kent,
K). Anesthesia was induced in a closed chamber and was
aintained by a nose cone throughout the surgery.
The left femoral artery was carefully dissected between
he inguinal ligament and the first major branch point (with
length of about 7 ml; Fig 1, A and B). Vasospasms
nduced by the procedure of exploring the left femoral
rtery were relieved by topically applying a drop of 1%
idocaine hydrochloride. To avoid the influence of vaso-
pasms and the effect of lidocaine on measurements of
ndothelium-dependent vasodilatation function, these
rocedures were performed 1 day before the functional
ssessment. After the femoral artery was explored, a latex
heet was placed under the artery to separate the artery from
he surrounding tissues (Fig 1, B). The skin was sutured
fter the first day’s preparation.
On day 2, anesthesia was induced in the same way. The
ody temperature was maintained at about 37°C using a
hermostatically controlled heating pad fitted with a rectal
hermometer. Arterial pressure was recorded by a catheter
n the carotid artery. Saline (154 mmol/L NaCl) was
ontinuously infused at 0.15 mL/h through the jugular
ein throughout the experiment.
A catheter was inserted in the right femoral artery and
dvanced to the aortic bifurcation to facilitate a close arte-
ial injection into the left femoral artery circulation. The
esticular and rectal vessels, and internal iliac, epigastric,
tween the inguinal ligament and the first major branch.
he explored femoral artery was hooked up to a laser flow
rmal saline used as the control. Endothelium-dependent
njecting acetylcholine (ACH) and sodium nitroprusside
ral artery. FABF, Femoral artery blood flow.en be
.C,T
of no
d by ind pudendal arteries were ligated bilaterally to avoid in-
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May 20111352 Wang et alterference due to increased blood flow through these arter-
ies in response to the vasodilatory reagents. The FABF was
measured with a Transonic 0.5PSB Precision Flowprobe
(Transonic USA, Ithica, NY; Fig 1, C). In the meantime,
the latex sheet was removed, and the probe was gently
placed around the femoral artery and maintained at an
appropriate position so as not to influence the FABF.
The basal mean arterial pressure (MAP), heart rate
(HR), and left FABF reached stable values10 minutes of
completion of the preliminary surgical procedures. Hemo-
dynamic measurements, including the left FABF, systolic
and diastolic arterial pressures, and calculated mean arterial
pressure and heart rate were recorded digitally at 200 Hz
and continuously displayed by a BSL PRO 3.7.3 Data
Acquisition Unit (BIOPAC Systems, Goleta, Calif). During
each experiment, data were continually saved as 2-second
averages of each variable.
Endothelium-dependent vasodilatation function
assessment: General experimental protocol. All experi-
ments followed a standard protocol. Bolus administration
acetylcholine was used to test endothelium-dependent
vasodilator function in the femoral artery and hind limb
vasculature. Bolus administration of sodium nitroprusside
was used to test the endothelium-independent vasodilator
function. Both agents were directly administered to the
hind limb circulation by the right femoral artery catheter
Fig 2. A, Endothelial injury induced by rose bengal-as
the entire length of the femoral artery. B, A confoca
photochemical injury to endothelial cells by different dura
internal and external elastic lamina (IEL); red, CD31 (orwith the tip at aortic bifurcation, in random order, at t-minute intervals. The bolus doses were administered in a
olume of 10 L over 10 seconds.
Before commencing with the experiment proper, we
ested responses to a range of doses of acetylcholine (1.6,
.4, and 4 g/kg) and sodium nitroprusside (3.2, 4.6, and
g/kg). Invariably, we found that the lowest dose tested
ad little effect on the left FABF, whereas the highest dose
esulted in appreciable falls in the MAP. Therefore, in the
xperiment, we only administered single doses of acetyl-
holine (2.4 g/kg) and sodium nitroprusside (4.6 g/
g). Responses to acetylcholine and sodium nitroprusside
ere tested three times in all mice.
Endothelial injury model 1: Rose bengal-associated
hotoinjury. Segmental endothelial injury in the mouse
emoral artery was photochemically induced as described
reviously.21-23 In brief, on the day of the experiment (day
), rose bengal (60 mg/kg) was injected into the tail vein.
hen, the skin was opened and the dissected femoral artery
as again exposed. After all catheters for endothelial func-
ion assessment were in place, heparin (20U) in phosphate-
uffered saline (100- L) was injected intra-arterially to
revent acute occlusion induced by photochemical injury.
At 1 hour after the rose bengal injection, endothelial
njury was induced by a cold light-emitting diode (LED;
32 nm, 1.5 W, Huga Optotech, Taichung, Taiwan) for 5
inutes without the light source ever physically contacting
ed (R) photochemical injury. The light source covered
r-scanning microscope was used to demonstrate the
of light exposure of 5 to 30minutes. Blue, nuclei; green,
l magnification, 630).sociat
l lase
tionshe femoral artery. The LED light chip (0.1  1.6 cm)
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Endothelium-dependent vasodilatation function was as-
sessed after the photochemical injury.
In separate experiments, the exposure to cold light was
maintained for 5, 10, 20, and 30 minutes to estimate the
effects of photochemical injury on the vessel walls. Femoral
arteries were harvested 48 hours after the injury for confo-
cal immunostaining analysis (Fig 2, B) and hematoxylin and
eosin (H&E) staining (Fig 3).
Endothelial injury model 2: Femoral and iliac ar-
tery wire injury. A mouse femoral and iliac artery wire-
injury model was adopted to induce mechanical endothelial
injury on day 1. Transluminal mechanical injury of the
femoral and iliac arteries was accomplished using a dissect-
ing microscope. Briefly, the left femoral artery was gently
exposed.24 The femoral artery and vein were looped to-
gether proximally with 6-0 silk sutures for temporary vas-
cular control during the procedure. A small branch be-
tween the rectus femoris and vastus medialis muscles was
isolated and ligated distally with 6-0 silk sutures. The
exposed muscular branch artery was dilated by topically
applying one drop of 1% lidocaine hydrochloride.
A transverse arteriotomy was performed on this branch.
A straight, fixed-core wire, 0.38 mm in diameter (Cook,
Bloomington, Ind), was carefully inserted into the femoral
and iliac arteries. The wire diameter was larger than the
mouse femoral artery. The passage of the wire remarkably
dilated the vessel and caused mechanical injury to the entire
vessel wall. The irregular surface of the spring wire also
denuded the endothelial layer. The wire was left in place for
1 minute, removed, and a silk suture was looped at the
Fig 3. Histologic analyses by hematoxylin and eosin stai
to endothelial cells by different durations (5 to 30min) of
the internal elastic lamina of the femoral artery (originalproximal portion of the muscular branch artery and se- sured. FABF was restored by releasing the sutures placed
n the proximal femoral portion. The skin incision was
losed with 5-0 silk sutures. The endothelium-dependent
asodilatation function was evaluated 1 day after the injury.
Confocal immunofluorescent analysis. The femoral
rteries were harvested at 48 hours after photochemical
njury and 24 hours after wire injury for H&E and immu-
ostaining. Frozen sections were stained with the primary
ntibodies Cy3-conjugated anti--smooth muscle actin
Sigma, St. Louis, Mo) and anti-CD31 (BD Pharmingen,
an Diego, Calif), followed by incubation with fluorescein
sothiocyanate-conjugated and phycoerythrin-conjugated
econdary antibodies. Slides were mounted using a Prolong
ntifade kit (Molecular Probes, Eugene, Ore) and ob-
erved under a confocal microscope (Leica Microsystems,
annockburn, Ill). Nuclei were stained with Hoechst
3258 (Sigma).
Statistical analysis. Basal levels of the MAP, HR, and
eft FABF were defined as the average levels during the
-minute period before the responses to acetylcholine and
odium nitroprusside were determined during each exper-
mental period. Responses to sodium nitroprusside and
cetylcholine were analyzed both in peak (maximal)
hanges in the left FABF and MAP and as integrated
esponses (area under the curve). The basal variables and
esponses to acetylcholine and sodium nitroprusside for
achmouse were analyzed as paired data using an analysis of
ariance (ANOVA) and Tukey post hoc test to determine
hether these differed among the three experimental peri-
ds in each group. Data are expressed as the mean 
emonstrating the rose-bengal (R) photochemical injury
exposure. The arrows indicate the endothelial cells lining
ification, 500).ning d
lighttandard error of the mean. All statistical tests were per-
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May 20111354 Wang et alformed using SPSS 11 software (SPSS Inc, Chicago, Ill).
P  .05 was accepted as statistically significant.
RESULTS
Assessment of endothelium-dependent vasodilatation
function
Responses to vehicle (saline). In normal controls, the
average baseline left FABF was 0.12  0.01 mL/min
(Table). Bolus administration of the saline vehicle (10 L)
directly into the femoral artery had no appreciable effects
on the left FABF or HR (Fig 1, D).
Responses to acetylcholine. Close arterial injection
of acetylcholine induced transient increases in the FABF
(Fig 1, D) that commenced within 1 to 2 seconds of the
injection and had fully recovered by 2.3 0.1minutes after
the injection. The average peak increase in the FABF in-
duced by acetylcholine was 0.41  0.02 mL/min. The
hyperemic response to acetylcholine was accompanied by a
small but significant depressor response (a maximum de-
crease in the MAP of 5  2 mm Hg). In the data analyses,
the responses to acetylcholine were also characterized by
the area under the curve to take into account the amplitude
and duration of the vasodilator response. In the normal
controls, acetylcholine-induced changes in the FABF were
stable and reproducible.
Responses to sodium nitroprusside. Bolus adminis-
tration of sodiumnitroprusside, an endothelium-independent
vasodilator, produced transient increases in the left FABF
(Fig 1, D). The hyperemic response was apparent within 1
to 2 seconds of the injection, and the FABF had fully
recovered by 1.5  0.29 minutes after the injection. This
Table. Hemodynamic variables in mice undergoing differe
Model MAP
Control group (n  10  12)
Normal saline 8
Acetylcholine 8
Sodium nitroprusside 8
Rose-bengal photochemical injury (n  8  12)
Normal saline
Baseline 8
24 h 8
Acetylcholine
Baseline 8
10 min 8
30 min 8
60 min 8
24 h 8
Sodium nitroprusside
1 h 8
24 h 8
Femoral artery wire-injury (n  6  8)
Normal saline (24 h) 8
Acetylcholine (24 h) 8
Sodium nitroprusside (24 h) 8
AUC, Area under the curve; FABF, femoral artery blood flow; MAP, mean
Compared with the control group: aP  .05 in response to normal saline, b
.05 in response to sodium nitroprusside, eP  .01 in response to normal salresulted in maximum increases in FABF of 0.38  0.02 bL/min (Table). There were few or no changes in the
AP (3  2 mm Hg) or HR (1  2 beats/min). As with
he responses to acetylcholine, the overall responses to
odium nitroprusside were also characterized by the area
nder the curve.
ose bengal-associated photochemical injury
Histologic analysis. Two days after various durations
f rose bengal-associated photochemical injury, mouse
emoral arteries were harvested and subjected to confocal
mmunofluorescent analysis (Fig 2, B) and H&E staining
Fig 3). Injection of rose bengal without photoinjury did
ot disturb the integrity of the endothelial layer compared
ith the controls. In response to an increased duration of
ight exposure, a significant amount of endothelial cell
eath with shedding from the vessel wall was noted when
he photochemical injury lasted 10 minutes. Endothe-
ial cells were still intact on the vessel wall after 5 minutes
f photochemical injury. When the duration of light
xposure was prolonged to 20 to 30 minutes, a substan-
ial proportion of smooth muscle cells in the media of
he vessel wall were also injured. Thus, in the follow-
ng study, endothelium-dependent and endothelium-
ndependent vasodilatory functions were estimated in
ontrol mice and in study mice at different time points
fter 5 minutes of photochemical injury.
Responses to acetylcholine. After the rose bengal
njection and before photoinjury, the left FABF at the
aseline and after the acetylcholine injection did not
ignificantly differ from values in the controls (Table).
he response to acetylcholine had significantly decreased
pes of vascular injury
Hg) Peak FABF (mL/min) AUC (mL)
0.12  0.01 0.00  0.00
0.41  0.02 0.32  0.05
0.38  0.02 0.24  0.05
0.13  0.02 0.00  0.00
0.09  0.006a 0.00  0.00
0.40  0.03 0.31  0.06
0.32  0.02b 0.26  0.05
0.27  0.006c 0.21  0.04b
0.18  0.008c 0.12  0.02c
0.15  0.004c 0.03  0.02c
0.36  0.03 0.21  0.03
0.34  0.02d 0.18  0.04d
0.04  0.004e 0.00  0.00
0.06  0.006c 0.01  0.003c
0.08  0.004f 0.03  0.01f
l pressure.
5 in response to acetylcholine, cP  .01 in response to acetylcholine, dP 
 .01 in response to sodium nitroprusside.nt ty
(mm
6  3
4  4
4  3
6  2
5  2
4  4
3  3
3  4
1  2
3  4
1  3
2  2
3  3
3  2
1  4
arteriay 10 minutes after photochemical injury and was fur-
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P  .01).
Responses to sodium nitroprusside. At 1 and 24
hours after 5 minutes of photochemical injury, a sodium
nitroprusside injection still produced transient increases in
the FABF, although the increase at 24 hours was signifi-
cantly less than that in the normal controls.
Wire-induced mechanical injury
Histologic analysis. The mechanical injury model
used a spring wire in the femoral and iliac arteries. Total
denudation of the endothelial layer with remarkable death
of medial smooth muscle cells was noted 1 day after surgery
(Fig 5, A). Although a thin layer of platelets was found on
the surface of the injured femoral artery, the main trunk
remained patent for 1 month.
Responses to acetylcholine. One day after the wire
injury, endothelium-dependent vasodilatation function
was evaluated. The left FABF at the baseline was signifi-
cantly lower than that of the normal controls (Table). The
response to the acetylcholine injection was remarkably at-
Fig 4. A series of recordings show endothelium-depend
rose bengal-associated photochemical injury from 0 to 6
(SNP)-induced vasodilatation is shown 24 hours after th
artery blood flow.tenuated (Fig 5, B). cResponses to sodium nitroprusside. Sodium nitro-
russide also produced only minimal increases in the left
ABF, indicating that the mechanical injury involved both
he endothelium and medial smooth muscle cells.
ISCUSSION
This study established a mouse model to sensitively
ssess the in vivo endothelium-dependent vasodilatation
unction of the left hind limb by measuring FABF re-
ponses. In addition to measuring the amount of blood
ow through the targeted femoral artery, our method was
ble to provide data on the extent of endothelial dysfunc-
ion induced by rose bengal-associated photochemical in-
ury at a very early stage. This animal model also demon-
trated that the wire injury-induced vascular dysfunction
nvolved impairment of both endothelium-dependent and
ndothelium-independent vasodilatation, compatible with
he histologic findings.
To assess the endothelium-dependent vasodilatory
unction in mouse hind limbs, the method adopted in
revious studies depended on measuring blood flow
asodilatation in the left femoral artery after 5 minutes of
and at 24 hours after the injury. Sodium nitroprusside
tochemical injury. ACH, Acetylcholine; FABF, femoralent v
0 min
e phohanges in the abdominal aorta rather than the femoral
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May 20111356 Wang et alartery.18 The assumption was that the blood flow in the
abdominal aorta equals hind limb blood flow in the
noncatheterized site. Compared with the femoral artery
model developed in our laboratory, however, there are a
few limitations with the approach through the abdomi-
nal aorta. Although the major branches before the fem-
oral artery were grossly ligated, the numerous micro-
scopic branches preclude the claim that the measured
blood flow in the aorta represents the blood flow in a
specific hind limb. Furthermore, even though a catheter
was introduced from the contralateral femoral artery,
blood flow at the catheterized site still contributed a
substantial amount of the blood flow measured in the
abdominal aorta, as demonstrated in the angiogram (Ap-
pendix Fig and Video, online only). The amount of this
leakage varies from animal to animal and leads to sub-
stantial interference with interpreting vascular function-
ing. Our amended femoral artery model avoids these
limitations and provides information on the vascular
function specific to the targeted site.
The technical issues in using the femoral artery for
vascular function evaluation were a challenge. To avoid
mechanical dissection-induced vasospasms and interference
from antivasospasm drugs on the evaluation of endothelial
function, the protocol was designed in two steps, with
Fig 5. A,Wire-induced femoral artery injury. Histologi
hematoxylin and eosin staining and confocal immunos
arrows designate endothelial cells; blue,CD31; red, -smo
saline used as the control. Endothelium-dependent an
respectively, injecting acetylcholine (ACH) and sodium
after the wire-induced vascular injury. FABF, Femoral arvessel exploration on day 1 and functional assessment on eay 2. Numerous studies have adopted the rose-bengal
hotochemical injury model to induce arterial thrombo-
is.21-23 In response to a photoactivating green light, rose
engal-derived reactive oxygen species may be used to
imic the endogenous endothelial injury process and ef-
ectively induce focal vascular injury.
Although extensive endothelial injury and even smooth
uscle cell death were noted with prolonged exposure to
hotochemical injury, an appropriate injury dose was
itrated in our study to maintain the microscopically intact
ndothelium on the vessel wall. With this level of injury, the
emoral artery was still patent 24 hours after the photo-
hemical damage was induced. However, the endothelium-
ependent vasodilatation function was remarkably im-
aired. Assuming that reactive oxygen species induced by
he photoactivated rose bengal led to a detrimental effect
n endothelial health, our method sensitively detected the
eterioration of endothelial function after 5 minutes of
hotochemical injury. The response to acetylcholine had
ecome attenuated 10 minutes after the photochemical
njury. Nevertheless, smooth muscle cell function was
till partially preserved, as demonstrated by the response
o sodium nitroprusside stimulation. These findings
howed that the model designed in our laboratory could
ensitively identify endothelial dysfunction in an in vivo
ings before and 24 hours after wire injury are shown by
g. The black arrows designate elastic lamina, and blue
uscle actin; green, elastic lamina.B, Injection of normal
othelium-independent vasodilatation was assessed by,
russide (SNP). Both functions were impaired 24 hours
lood flow.c find
tainin
othm
d end
nitropnvironment.
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of this method for evaluating vascular function. Previous
studies showed that wire injury to the femoral artery caused
complete endothelial denudation and rapidly induced
smooth muscle cell necrosis and apoptosis 24 hours.24
On the basis of the impaired responses to both acetylcho-
line and nitroprusside stimulations, our methods demon-
strated specific functional information on endothelium-
dependent and endothelium-independent vasodilatation,
compatible with the histologic findings. With these find-
ings, we also propose that this model can be used to
quantitatively estimate the effect of any therapeutic inter-
ventions on injured vessels.
Blood flow responses tend to reflect the microvascula-
ture, assuming there is no significant vasoconstriction of
the conduit vessel. The models adopted in this study actu-
ally injured the femoral artery locally although extensively,
yet there was a blunting of the acetylcholine-mediated
blood flow responses. Possible explanations include that:
1. conduit vessel function is also responsible for a substan-
tial amount of blood flow changes in response to
endothelium-dependent stimulation,
2. there is a downstream effect of the interventions, either
a direct injury or a paracrine effect that impairs arteriolar
function (ie, circulating free radicals or thrombi),23 or
3. significant vasospasm occurs at the iliac and femoral
artery sites with acetylcholine after the intervention such
that the conduit vessel impairs downstream increases in
blood flow.
To distinguish the underlying mechanisms in the fu-
ture, it will be necessary to directly measure changes in the
diameter of the femoral artery in response to endothelium-
dependent and endothelium-independent vasodilatory re-
agents.
Currently, the vessels widely used for estimating in vivo
endothelial function include the carotid13-16 and renal
arteries.17,18 However, in the era of applying stem cell,
gene, and cytokine therapies to promote endothelial regen-
eration in cardiovascular diseases, the femoral artery is a
better site for evaluating changes in endothelial-dependent
and endothelium-independent vasodilatation after therapy
because models of hind limb ischemia treatment are widely
used3,17,18,22 and cerebral embolic complications caused
by injecting human cells can be avoided.
The operator who uses this femoral artery model
should pay attention to a few technical pitfalls, including
the completeness of side branch ligation, the tip location of
the drug-delivering catheter, and temperature mainte-
nance. Placing the catheter tip too high leads to the possi-
bility of delivering vasoactive reagents to the renal and
other mesentery arteries. Generally, the success rate of
wire-injury surgery was 96%, that of femoral artery dissec-
tion was 91%, and that of catheter placement and drug
evaluation was 93%. All techniques used in these proce-
dures are not difficult for operators specializing in the
mouse femoral artery wire-injury model.ONCLUSIONS
The mouse model established in our laboratory is a
ensitive and reproducible method for estimating endothe-
ium-dependent and endothelium-independent vasodilata-
ion dysfunction induced by rose bengal-associated photo-
hemical injury and by wire-induced mechanical injury.
lthough researchers are enthusiastic about testing new
herapeutic concepts in a variety of mouse hind limb injury
odels, endothelial function is an important parameter.
e believe our model has the potential for wide use to
stimate endothelial function on the limb undergoing an
ntervention.
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